Nowadays obesity is a major public health problem. It is a main risk factor for many fatal diseases. Our study aimed to determine the prevalence of obesity among children and adults in Riyadh and to investigate the associated sociodemographic factors. A cross-sectional, population-based sample of Riyadh was selected through the two-stage cluster sampling technique. All participants attended the local primary health-care center, and a questionnaire interview to obtain sociodemographic data was completed for each. Anthropometric measurements of weight and height were performed. Body mass index (BMI) was calculated, and children having a BMI ≥ 95th age-and sex-specific percentile and adults with a BMI ≥ 30 were considered obese. There were 4,775 participants: 1,848 children and 2,927 adults. Among the children, 10.5% were overweight and 8.7% were obese. Among the adults, 32.4% were overweight and 21% were obese. Among children, a multivariate logistic regression analysis showed that age 6 to 10 years (odds ratio, 2.21; 95% confidence interval, 1.4-3.5) and non-Saudi nationality (odds ratio, 2.2; 95% confidence interval, 1.31-3.7) were associated with childhood obesity. Among adults, urban residence (odds ratio, 1.5; 95% confidence interval,, female sex (odds ratio, 2.03; 95% confidence interval, 1.64-2.53), and marriage (odds ratio, 2.11; 95% confidence interval, 1.57-2.82) were associated with obesity in adults, as was Saudi nationality and age above 30 years. Obesity is an important public health problem in Riyadh.
Introduction
Obesity is a severe public health problem. It is a major determinant of many noncommunicable diseases, including type 2 diabetes mellitus, coronary heart disease, stroke, cancer, gallbladder diseases, musculoskeletal disorders, and respiratory problems [1, 2] . Obesity is a very expensive disease that causes a great loss of quality of life and suffering, not only to the patients but also to the families [3, 4] . It is a leading cause of pediatric hypertension [5] and a known risk factor for adult obesity [6, 7] . Obese persons, particularly children and adolescents, often suffer from a lowered self-esteem that affects their school performance and their peer relationship, leading to long-term psychological effects [8] [9] [10] . In some communities obese persons may also suffer from social stigmatization and discrimination [11] .
Saudi Arabia has gone through a significant economic development over the last decades [12] . Western lifestyle with respect to nutritional habits has replaced the traditional ones and, coupled with improvement in health services, has resulted in the emergence of noncommunicable diseases, including obesity [13, 14] .
Not many studies have focused on obesity at the community level in Saudi Arabia. Some were conducted among adults [15] [16] [17] and a few among children, but not in the same regions [18] . The aim of the present work was to determine the prevalence of overweight and obesity among both children and adults in Riyadh, Saudi Arabia, and to investigate the associated sociodemographic factors.
Materials and methods

Subjects and measurements
The study was conducted using a cross-sectional approach. An institutional review board approved the study, and oral informed consent was obtained. A sample size of 1,014 was calculated on the assumption of a 12% prevalence of obesity, an error of 0.05, and a degree of precision of 0.02. The sample size was increased more than fourfold to adjust for the design effect of cluster sampling. A two-stage cluster sampling technique was used to recruit the participants. Thirty clusters were selected, covering all geographic areas of Riyadh. Each cluster consisted of inhabitants of 15 households selected randomly from the cluster area.
Selected subjects were requested to attend the local primary health-care center, and all agreed to participate. A questionnaire to obtain sociodemographic data, such as age, sex, marital status, and level of education, was completed for each subject at the center. The subjects were weighed on a lever balance while wearing light clothes. Height was measured by using the vertical upright bar of the balance. Weight was recorded to the nearest 0.01 kg and height to the nearest 0.01 m.
The body mass index (BMI), defined as the weight in kilograms divided by the square of the height in meters, was calculated. For assessing obesity in adults, the recommendations of the 1997 World Health Organization (WHO) consultation on obesity were used: normal, BMI < 25 kg/m 2 ; overweight or preobese, 25-29.9 kg/m 2 ; class I obesity, 30-34.9 kg/m 2 ; class II obesity, 35-39.9 kg/m 2 ; and class III obesity, ≥ 40 kg/m 2 [1] . Overweight among children is defined as BMI ≥ 85th age-and sex-specific percentile, and obesity as BMI ≥ 95th age-and sex-specific percentile values of the American National Health and Nutrition Examination Survey (NHANES) [6, 19, 20] .
Statistical analysis
SPSS software was used for analysis. BMI was summarized as means and standard deviations. The prevalences of overweight and obesity were calculated as percentages. Crude association between sociodemographic variables and body weight status was tested by the chi-square test at 95% level of significance. Multiple logistic regression analysis was used to assess the strength of association of each variable with overweight and obesity after adjustment for other confounders.
Results
There were 4,775 participants in the study, of whom 1,848 were children 6 to 17 years of age and 2,927 were adults over age 17. Table 1 shows that 10.5% of the children were overweight and 8.7% were obese. Among adults, 32.4% were overweight and 21% were obese. Females had higher rates of overweight and obesity than males both as children (11.9% vs 9.1% and 9.7% vs 7.7%, respectively) and as adults (31.6% vs 31.2% and 25.6% vs. 15.1%, respectively). The association between sex and body weight status was statistically significant (p < .05).
The highest prevalence of overweight and obesity was among children 6 to 10 years old (12.3% and 11.8%, respectively) (table 2). Children in the rural area were more likely to be overweight or obese (11.2% and 10.1%, respectively) than urban children (10% and 7.7%, respectively). However, the association between body weight status and area was not statistically significant (p < .05). Children with below intermediate education had the highest prevalences of overweight and obesity (10.7% and 9.2%, respectively). Age and nationality were significantly associated with body weight status.
There was an independent significant association between obesity and non-Saudi nationality (odds ratio, 2.2; 95% confidence interval, 1.31-3.7) and the age group from 6 to 10 years (odds ratio, 2.21; 95% confidence interval, 1.4-3.5) (table 3) . On the other hand the association between obesity and female sex was not significant (odds ratio, 1.28; 95% confidence interval, 0.92-1.78).
Adults in their fifth decade had the highest prevalence of obesity (33.7%), and those 18 to 29 years old had the lowest prevalence (10.6%) ( Table 5 shows that urban residence (odds ratio, 1.5; 95% confidence interval, 1.23-1.83), female sex (odds ratio, 2.03; 95% confidence interval, 1.64-2.53), and marriage (odds ratio, 2.11; 95% confidence interval, 1.57-2.82) independently had a significant association with obesity. All age groups over 30 years also had a significant association with obesity (p < .05).
Discussion
Obesity is second only to cigarette smoking among modifiable risk factors for morbidity and mortality [21] . The prevalence of obesity in adults is 10% to 25% in most countries of western Europe and 20% to 25% in some countries of the Americas [1] . Our work found that around one-third (31.6%) of adults in Riyadh were overweight and more than one-fifth (21%) were obese. This finding is consistent with results of other studies in Saudi Arabia [15, 17, 22] . Higher rates were reported among those attending primary health-care centers [23, 24] , but this may be an indicator that obese persons use health services more than persons with ideal body weights, who are usually in better health.
There is an increasing prevalence of childhood obesity and its concomitant health risks [25] . The present study showed that 10.5% of children were overweight and 8.7% were obese. These figures are lower than those among schoolchildren in the kingdom [18] . The difference may be attributed to the use of a different definition of obesity. Internationally the reported prevalence of overweight among children in Europe was 4.9% to 14.3%. In the United States, the prevalence of childhood overweight increased from 7.6% between 1973 and 1980 to 10.9% between 1988 and 1991, and the results of the 1994 National Health and Nutrition Examination Survey III suggested that the prevalence continued to increase [26] .
The high prevalence of obesity in Riyadh reflects the profound changes in society and behavioral patterns of the community over the last 20 to 30 years [1] . Genetic factors may be involved because of the high rate of mating between obese persons and because of consanguineous marriage [27] . Some authors have reported that among Saudis obesity is equated with health and wealth and is therefore valued [28] .
Children aged 6 to 10 years had the highest prevalence of childhood overweight and obesity (12.3% and 11.8%, respectively). This may be due to inadequate school physical-activity programs for these children. Among adults, the prevalence of obesity peaked during the fifth decade (33.7%). This finding is consistent with results of national epidemiological household surveys among adults conducted in 1993 [17] . In Bahrain the prevalence of obesity was higher among those who were 50 years old or more [29] . The present work shows that overweight and obesity were more common among females than males in both children and adults. The results of national and international studies agree with this finding [12, 15, 17, 22, 30, 31] . Many factors may contribute to the high prevalence of obesity among females, including hormonal influences [32] and a cultural attitude of restricting physical activity by women [17] . Furthermore, the majority of housewives in the study were multiparous and had housemaids to help them with most of the physical work at home.
Marriage increases the prevalence of obesity [29] . We found that 25.1% of married people were obese, as compared with only 8.9% of single people. This finding was supported by a study in Al-Khobar [33] . Marriage may increase obesity through changes in lifestyle and diet.
Illiterate adults had the highest prevalence of obesity. The same finding was observed in the national survey [16] . In a study in Spain, illiteracy not only had a positive relationship with obesity but proved to be the sole variable associated with it [34] . There was a higher prevalence of obesity among urban than among rural residents (23.7% vs 16.8%). This has also been observed by others [16, 35] .
Overweight and obesity constitute a severe public health problem among children and adults in Riyadh. The highest prevalences of obesity were associated with 6 to 10 year old children and adults over age 30, Saudi nationality, female sex, urban area, and marriage in adults. 
Recommendations
We recommend early development of national programs for the prevention and control of obesity, including school nutritional educational programs;
promotion of a healthful lifestyle, including more physical activity; and replacement of the traditional Saudi diet with a diet lower in energy density, particularly among females.
